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(54) Low current drive of light emitting device 

(57) Control circuitry for an array of light emitting 
devices (23,27) includes a first column line (20) con- 
nected to each light emitting device (23,27) in a column 
of light emitting devices (23,27). First column circuitry 
includes a first current source (1 5) and a second current 
source (20). The first current source (15) is connected 
to the first column line (20). The second current source 
(20) is connected to the first column line (20). When a 
first light emitting device (23,27) from the column of light 
emitting devices (23,27) is to be turned on, the first cur- 
rent source (15) is turned on until a voltage on the first 
column line (20) is equal to a predetermined voltage. 
Then the first current source (15) is turned off and the 
second current source (20) supplies current sufficient to 
cause the first light emitting device (23,27) to emit light 
to a first brightness level. 
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Description 

BACKGROUND 

FIELD OF THE INVENTION 5 

[0001] The present invention pertains to circuitry for 
driving light emitting devices and pertains particularly to 
the low current drive of organic light emitting diodes. 

10 

RELATED INFORMATION 

[0002] The organic light emitting diode (OLED) 
technology provides a low current emissive display 
technology. However, a large array of OLEDs contains a 15 
large amount of capacitance. This capacitance must be 
charged and discharged during multiplexed operation. 
[0003] An equivalent circuit for an OLED pixel is a 
capacitor in parallel with the emitting diode. Typically the 
anodes of each OLED is driven by a current source 20 
since the pixel Vf may vary for individual OLEDs across 
an OLED array. 

[0004] A typical implementation of circuitry which 
drives an array of OLEDs is using current sources to 
drive a column line for each column of an OLED array. 25 
The anode of each OLED is connected to a correspond- 
ing column line. The cathodes of each OLED is con- 
nected to a corresponding row line of the OLED matrix. 
Each row line has a switch. The switches enable one 
row at a time. 30 
[0005] For background information on circuitry for 
driving OLEDs, see for example, United States Patent 
Number 5,828,181 issued to Yohiyuki Okuda on Octo- 
ber 27, 1 998 for DRIVING CIRCUIT FOR AN ORGANIC 
ELECTROLUMINESCENT ELEMENT USED IN A DIS- 35 
PLAY 

SUMMARY OF THE INVENTION 

[0006] In accordance with the preferred embodi- 40 
ment of the present invention, control circuitry for an 
array of light emitting devices includes a first column line 
connected to each light emitting device in a column of 
light emitting devices. First column circuitry includes a 
first current source and a second current source. The 45 
first- current source is connected to the first column line. 
The second current source is connected to the first col- 
umn line. When a first light emitting device from the col- 
umn of light emitting devices is to be turned on, the first 
current source is turned on until a voltage on the first so 
column line is equal to a predetermined voltage. Then 
the first current source is turned off and the second cur- 
rent source supplies current sufficient to cause the first 
light emitting device to emit light to a first brightness 
level. 55 
[0007] The present invention provides low power 
operation of a row of light emitting devices. Various 
embodiments of the invention also allow for reduced 
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complexity when implementing control circuitry for the 
row of light emitting devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Figure 1 is a schematic which shows circuitry used 
to drive a light emitting device array in accordance 
with a preferred embodiment of the present inven- 
tion. 

Figure 2 shows a voltage multiplier used to provide 
a high voltage for driving the light emitting device 
array shown in Figure 1. 

Figure 3 shows a timing diagram for signals within 
the light emitting device array shown in Figure 1 in 
accordance with a preferred embodiment of the 
present invention. 

Figure 4 is a schematic which shows additional cir- 
cuitry used to drive a light emitting device array in 
accordance with the preferred embodiment of the 
present invention. 

Figure 5 is a schematic which shows additional cir- 
cuitry used to drive a light emitting device array in 
accordance with an alternative preferred embodi- 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0009] Figure 1 is a schematic which shows cir- 
cuitry used to drive an array of light emitting devices. 
For example, each light emitting device is an organic 
light emitting diode (OLED) device. A column of light 
emitting devices is represented by a light emitting 
device 23 and a light emitting device 27. Light emitting 
device 23 is the first light emitting device in the column 
and light emitting device 27 is the last light emitting 
device in the column. Any number of light emitting 
devices may be connected within the column between 
light emitting device 23 and light emitting device 27. A 
typical array of light emitting devices has 100 columns 
and 64 rows for a total of 6400 light emitting devices. 
[0010] Each light emitting device may be repre- 
sented by a diode connected in parallel with a capaci- 
tance. For example, light emitting device 23 includes a 
diode 25 and a capacitance 24, connected as shown. 
Light emitting device 27 includes a diode 29 and a 
capacitance 28, connected as shown. 
[0011] Drive circuitry is used to provide current for 
each column. The drive circuitry for a column line 20 to 
which light emitting device 23 and light emitting device 
27 are connected consists of a current source 15, a 
comparator 1 6, a current source 1 4 and a transistor 1 7. 
For example, current source 14 generates 60 micro- 
amps of current. Current source 15 can implemented, 
for example, as a switch that when turned on connects 
high pixel voltage line 10 to column line 20. 
[0012] A row line is connected to each light emitting 
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device in a row. Thus row line 21 is connected to all the 
light emitting devices in the same row as light emitting 
device 23. Row line 22 is connected to all the light emit- 
ting devices in the same row as light emitting device 27. 
Switches connected to each row line assure that only 5 
one row is enabled at a time. Row line 21 is controlled 
by a switch consisting of a transistor 33 and a transistor 
34 connected in an inverter configuration, as shown. 
The switch is controlled by a switch input 31. Row line 
22 is controlled by an switch consisting of a transistor 35 10 
and a transistor 36 connected in an inverter configura- 
tion, as shown. The switch is controlled by a switch input 
32. 

[0013] On high pixel voltage line 10, a voltage is 
placed sufficient to accommodate the Vf of the light is 
emitting devices. Typically, this is in the range of 8 to 10 
volts. On a high logic voltage line 1 9 a voltage is placed 
sufficient to accommodate other logic circuitry on the 
device. Typically, this is in the range of 2.7 to 5 volts. 
Voltage is measured from a ground 11. A capacitance 20 
18 represents the capacitance of a logic power supply 
which supplies the high logic voltage. A control input 13 
controls switching of transistor 1 7. The signal on control 
input 1 3 is pulse width modulated to allow for brightness 
control. 25 
[0014] The use of two current sources for each col- 
umn facilitate implementation of a global brightness 
control using pulse width modulation. Specifically, while 
the diode of each light emitting device requires only a 
low current to generate light, a relatively substantial 30 
amount of current is required to charge the capacitance 
within the light emitting device. If current source 14 is 
used as a single current source to generate the low 
amount of current necessary to generate light in a light 
emitting device, the pixel current generated by current 35 
source 14 would take a substantial portion of the time 
that each row is enabled to charge the column to the 
required activation voltage (Vf) of an active light emitting 
device. Pulse width modulation of the signal on control 
input 13 results in even less current being available to 40 
charge the column. 

[0015] The addition of large current source 15 pro- 
vides a lot of current at the beginning of each column 
cycle to charge the column to a predetermined voltage. 
During the charging period, a reference voltage equiva- 45 
lent to the predetermined voltage is placed on a refer- 
ence voltage line 12. Once the predetermined voltage is 
reached, comparator 16 shuts off current source 15. 
Current source 15, then, provides a "fast charge" cur- 
rent to charge the capacitance of the active light emit- so 
ting device in the column before allowing current source 
14 to take over and supply the desired pixel current. 
This allows current source 1 4 to provide sufficient cur- 
rent to cause an activated light emitting device to gener- 
ate light for a substantial portion of the column cycle. 55 
This enables predictable brightness control with pulse 
width modulation. 

[0016] A typical low power application has a logic 



power supply of 2.7 volts to 5 volts. An light emitting 
device, however, typically requires 8 volts to 10 volts to 
accommodate the Vf of the light emitting device. Thus to 
generate a high voltage to place on a high voltage line 
10, a voltage multiplier is used. 

[0017] Figure 2 shows a voltage multiplier including 
a resistor 41 , a resistor 42 a comparator 44 an oscillator 
45, an inverter 46 a transistor 48, an inductor 49, a 
diode 51 and a capacitor 52 connected as shown. 
[0018] For example, resistor 41 has a value of 62 
kilohms. Resistor 42 has a value of 455 kilohms. Induc- 
tor 49 has a value of 22 microhenries. Capacitor 52 has 
a value of 1 0 microfarads. Diode 51 is a Schottky diode. 
When not disabled by a signal from comparator 44, 
oscillator 45 generates a signal having a frequency of 
60 kilohertz. A reference voltage of 1 .2 volts is placed 
on a reference voltage line 43. A ground line 11 is at 0 
volts. On high logic voltage line 19, a voltage of 2.7 volts 
is placed. The voltage multiplier places a 1 0 voltage DC 
signal on high pixel voltage line 10. The DC signal on 
high pixel voltage line 10 is stored in capacitor 52. 
[0019] Figure 3 shows a simplified timing diagram 
which explains the operation of the circuitry shown in 
Figure 1 . A waveform 61 represents the signal on a row 
line for a row "n". For example, row "n" represents the 
row which contains light emitting device 23. Therefore, 
waveform 61 represents the signal on row line 21. A 
waveform 62 represents the signal on a row line for a 
row n n+1". A waveform 63 represents the signal on a 
row line for a row °n+2". A waveform 64 represents the 
signal on a row line for a row n n+3". A waveform 65 rep- 
resents the signal on a row line for a row "n+4". 
[0020] A waveform 66 represents a signal placed 
on column line 20. Column data 67 indicates whether a 
light emitting device in an activated row will be on or off 
during a particular time period. "ON" indicates that a 
light emitting device in the column is to be turned on. 
"OFF" indicates that no light emitting device In the col- 
umn is to be turned on. 

[0021] At most, only one light emitting device is 
turned on at a time for each column. In order for a light 
emitting device to be turned on, the voltage on the col- 
umn line connected to the light emitting device must be 
at Vf (e.g., 6 to 8 volts) or greater and the voltage on the 
row line must be at low voltage (e.g., 0 volts) . Thus for 
light emitting device 23 to be turned on, column line 20 
must be at Vf or greater (e.g., 6 to B volts) and row line 
21 must be at low voltage (e.g., 0 volts). For light emit- 
ting device 27 to be turned on, column line 20 must be 
at Vf or greater (e.g., 6 to 8 volts) and row line 22 must 
be at low voltage (e.g., 0 volts). 

[0022] The times that the row lines are brought to 
low voltage are staggered , so that at most only one light 
emitting device is turned on at a time for each column. 
Thus, at a time period 71 , the row line for row n (i.e., row 
line 21 ) is at low voltage. All other rows remain at high 
voltage. At a time period 72, the row line for row n+1 is 
at low voltage. All other rows remain at high voltage. At 
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a time period 73, the row line for row n+2 is at low volt- 
age. All other rows remain at high voltage. At a time 
period 74, the row line for row n+3 is at low voltage. All 
other rows remain at high voltage. At a time period 75, 
the row line for row n+4 is at low voltage. All other rows 
remain at high voltage. 

[0023] In order for the column charge time to be 
independent of the previous state of the array of light 
emitting devices, at the beginning of each column cycle, 
all the row lines are at the high voltage and all the col- 
umn lines, including those that were turned on in the 
previous column cycle, are placed at the column low 
voltage. As a result of this, ail light emitting devices are 
reverse biased at the beginning of a new column cycle. 
This is illustrated in Figure 3 by waveform 66 being at 
column low voltage (e.g. 2.7 volts) between time period 
71 and time period 72, between time period 72 and time 
period 73, between time period 73 and time period 74 
and between time period 74 and time period 75. 
[0024] For each column, during the time period 
when each row line is brought to low voltage, if the light 
emitting device for that column connected to that row 
line is to be turned on, the column line is brought to Vf 
or greater. Otherwise, the column line is left at column 
low voltage. 

[0025] For example, in time period 71, the light 
emitting device (i.e., light emitting device 23) in row n 
(i.e., connected to row line 21 ) is to be turned on. There- 
fore, in time period 71 , column 20 is driven to a voltage 
that is equal to or greater than Vf. In time period 72, the 
light emitting device in row n+1 is to be turned on. 
Therefore, in time period 72, column 20 is driven to a 
voltage that is equal to or greater than Vf. In time period 
73, the light emitting device in row n+2 is to be turned 
off. Therefore, in time period 73, column 20 remains at 
column low voltage. In time period 74, the light emitting 
device in row n+3 is to be turned on. Therefore, in time 
period 74, column 20 is driven to a voltage that is equal 
to or greater than Vf. In time period 75, the light emitting 
device in row n+4 is to be turned off. Therefore, in time 
period 75, column 20 remains at column low voltage. 
[0026] When column line 20 is at Vf or greater, one 
row line is switched to the low voltage and all the other 
row lines are switched to the high voltage. This reduces 
the current actually drawn from the power supply. For 
example, when light emitting device 23 is turned off, 
transistor 31 connects row line 21 to high voltage line 
1 0. Any current that travels through light emitting device 
21 travels to high voltage line 10 and back into capacitor 
52 of the high voltage multiplier shown in Figure 2. 
[0027] When light emitting device 23 is turned on, 
column line 20 is at the Vf or greater and row line 21 is 
connected to ground 1 1 . This results in charging capac- 
itance 24. Once the voltage across capacitance 24 is 
greater than Vf, diode 25 generates light. Any current 
that travels through the capacitance of other light emit- 
ting devices in the column travels to high vottage line 1 0 
and back into capacitor 52 of the high voltage multiplier 
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shown in Figure 2. 

[0028] In the preferred embodiment, column low 
voltage is at 2.7 volts. This is equivalent to the logic high 
voltage for logic circuitry. The reason this is done is 

5 because the logic power supply supplied voltage of 2.7 
volts is below the minimum Vf required to turn on a light 
emitting device. When a column makes a transition from 
Vf or greater to column low voltage, charge remains in 
the capacitance for the light emitting device that was 

10 "on" and to a lesser degree in capacitance for other light 
emitting devices. This charge is used to charge the 
capacitance of the logic voltage supply. 
[0029] For example, in time period 71 , light emitting 
device 23 is turned on. At the end of time period 72, 

is transistor 17 is turned on and column line 20 is electri- 
cally connected through high logic voltage line 19 to 
capacitance 1 8 of the logic power supply. Capacitance 
24 thus discharges into capacitance 1 8. 
[0030] While in the preferred embodiment, at the 

20 beginning of each column cycle, the column lines that 
were turned on in the previous column cycle are driven 
low. In an alternate embodiment of the present inven- 
tion, further reduction of the column charge and dis- 
charge currents is achieved by logically detecting that a 

25 column line has been on during activation of one row 
line and will remain on during activation of the next row 
line. When this case is detected, column line is not dis- 
charged, but remains at Vf. In this embodiment, wave- 
form 66, shown in Figure 3, would remain at Vf between 

30 time period 71 and time period 72. Waveform 66 would 
still be at column low voltage (e.g. 2.7 volts) between 
time period between time period 72 and time period 73, 
between time period 73 and time period 74 and 
between time period 74 and time period 75. 

35 [0031] Also, in the preferred embodiment a compa- 
rator is tied to a high current supply for each column. 
Thus there are as many comparators as there are col- 
umns. In an alternative embodiment of the present 
invention, instead of using a separate comparator to 

40 monitor each column of the array, only one comparator 
is used. This single comparator is tied to a current 
source and capacitor which mirrors the fast charge cur- 
rent and column capacitance. This is illustrated by Fig- 
ures 4 and 5. 

45 [0032] Figure 4 illustrates the preferred embodi- 
ment. In the preferred embodiment a comparator is tied 
to a high current supply for each column. Thus driving 
circuitry for column line 20 includes pulse modulated 
current source 14, high current source 15 and compara- 

so tor 16. The driving circuitry for a column line 120 
includes a pulse modulated current source 114, a high 
current source 1 15 and a comparator 116. 
[0033] Figure 5 illustrates the alternative embodi- 
ment. In the alternative embodiment only comparator 

55 21 6 is used. Comparator 21 6 is tied to a current source 
215 and a capacitor 221. Current source 215 and a 
capacitor 221 mirror the fast charge current and column 
capacitance. Comparator 216 is used to control high 
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current source 15 connected to column line 20, and to 
control high current source 115 connected to column 
line 120. Comparator 16 and comparator 116 are no 
longer required. 

[0034] In the above description of the preferred 5 
embodiment, circuitry that controls an array of organic 
light emitting diodes is described. However, as will be 
understood by a person of ordinary skill in the art, the 
above described circuitry can be used with great benefit 
to drive an array of any type of light emitting device in 10 
which there is some capacitance which is charged 
before a light emitting device turns on. 

Claims 

15 

1 . Control circuitry for an array of light emitting devices 
(23,27), circuitry comprising: 

a first column line (20) connected to each light 
emitting device (23,27) in a column of light 20 
emitting devices (23,27); 
first column circuitry comprising: 

a first current source (15) connected to the 
first column line (20), and 25 
a second current source (20) connected to 
the first column line (20) ; 

wherein when a first light emitting device 
(23,27) from the column of light emitting 30 
devices (23,27) is to be turned on, the first cur- 
rent source (15) is turned on until a voltage on 
the first column line (20) is equal to a predeter- 
mined voltage, then the first current source (1 5) 
is turned off and the second current source 35 
(20) supplies current sufficient to cause the first 
light emitting device (23,27) to emit light to a 
first brightness level. 

2. Control circuitry as in claim 1 , wherein the first col- 40 
umn circuitry additionally comprises: 

a switch (17) connected to the first column line 
(20) and to an output capacitance (1 8) of a low 
voltage power supply: 45 
wherein when the voltage on the first column 
line (20) is to be discharged, the switch (17) is 
turned on allowing the voltage to be discharged 
to the output capacitance (18) of the low volt- 
age power supply. 50 

3. Control circuitry as in any previous claim addition- 
ally comprising:. 

a second column line (1 20); 55 
second column circuitry comprising: 

a third current source (1 15) connected to 



the second column line (120), and 

a fourth current source (114) connected to 

the second column line (120). 

4. Control circuitry as in claim 3 additionally compris- 
ing: 

a capacitance (221); 

a fifth current source (215) which charges the 
capacitance (221), 

a comparator (216) which compares a refer- 
ence voltage on a reference voltage line (12) to 
a voltage across the capacitance (221), the 
comparator (216) controlling the first current 
source (15), the third current source (115) and 
the fifth current source (21 5) 
wherein the comparator (216) turns off the first 
current source (15) when the voltage across 
the capacitance (221) is equal to the reference 
voltage. 

5. Control circuitry as in any previous claim addition- 
ally comprising: 

a power supply having an output on which is 
placed a signal with a voltage high enough to 
turn on light emitting devices (23,27) from the 
array of light emitting devices (23,27); 
a plurality of row lines (21 ,22) ; 
a plurality of switches (33-36), each switch (33- 
36) connected to an associated row line from 
the plurality of row Lines (21,22), each switch 
(33-36) connecting the associated row line 
(21 ,22) to either the output of the power supply 
(10) or to ground (11). 

6. A method for controlling an array of light emitting 
devices (23,27), circuitry comprising the following 
steps: 

(a) when a first light emitting device (23,27) 
from a column of light emitting devices (23,27) 
is to be turned on, charging capacitance 
(24,28) of the first light emitting diode (23,27) 
utilizing a first current source (15) until a volt- 
age across the first light emitting device (23,27) 
is equal to a predetermined voltage; 

(b) when the voltage across the first light emit- 
ting device (23,27) is. equal to the predeter- 
mined voltage, shutting off the first current 
source (15); and, 

(c) utilizing a second current source (20) to 
supply current sufficient to cause the first light 
emitting device (23,27) to emit light to a first 
brightness level. 

7. A method as in claim 6, additionally comprising the 
following step: 
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(d) when the first light emitting device (23,27) is 
to be turned off, discharging the capacitance 
(24,28) of the first light emitting device (23,27) 
to output capacitance (18) of a low voltage 
power supply. 5 

8. A method as in claim 6 or 7, wherein step (a) 
includes the following substeps: 

(a.2) while charging the capacitance (24,28) of w 
the first light emitting device (23,27) also charg- 
ing a mirror capacitance (221 ) using a third cur- 
rent source (215); 

(a.1) comparing a reference voltage on a refer- 
ence voltage line (12) to the voltage across the is 
mirror capacitance (221). 

9. A method as in claim 6, 7 or 8 additionally compris- 
ing the following step: 

20 

(d) when the first light emitting device (23,27) is 
turned off, reverse biasing the first light emitting 
device (23,27) such that charge stored in the 
light emitting device (23,27) flows back into a 
capacitor (1 8) on a voltage supply. 25 

10. A method as in claim 6, 7, 8 or 9 wherein the array 
of light emitting devices (23,27) is an array of 
organic light emitting diodes. 

30 
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(57) Control circuitry for an array of light emitting de- 
vices (23,27) includes a first column line (20) connected 
to each light emitting device (23,27) in a column of light 
emitting devices (23 s 27). First column circuitry includes 
a first current source (15) and a second current source 
(20). The first current source (15) is connected to the 
first column line (20). The second current source (20) is 
connected to the first column line (20). When a first light 
emitting device (23,27) from the column of light emitting 
devices (23,27) is to be turned on, the first current 
source (15) is turned on until a voltage on the first col- 
umn line (20) is equal to a predetermined voltage. Then 
the first current source (15) is turned off and the second 
current source (20) supplies current sufficient to cause 
the first light emitting device (23,27) to emit light to a first 
brightness level. 
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